Concentrations of serum glucose (SG) and urea (SU), milk lactose (ML) and urea (MU) and their relationships to dietary gross energy (GE) and crude protein (CP) were studied in 16 lactating ewes in Urmia, Iran. Ewes were aged 3 to 5 years and were bred in a closed pen. They were fed alfalfa hay, pasture grass, concentrate and corn silage. Each lactating ewe was nursing a single lamb. Five ml of blood from v. jugularis, 50 ml milk and 200 g feed mixture were collected at 15 day intervals up to 135 days (9 samples). Serum glucose and urea concentrations were evaluated using a spectrophotometer, milk lactose in Polarimeter, gross energy by calculation method and crude protein by Kjeldahl methods. The mean values for dietary GE, CP, SG, SU, MU and ML were 2.39 Mcal/kg/DM, 14.1% food/DM, 2.69, 4.65, 3.67 mmol/l and 4.8 mg/dl milk, respectively. Significant differences (P < 0.01) were found for serum and milk indicators during the milking periods among the sampling times. Serum urea and milk urea irregularly increased while serum glucose and milk lactose irregularly decreased. Positive correlations were found (P < 0.05) between SU/MU (r = 0.45), MU/GE (r = 0.75), MU/CP (r = 0.70) and SU/CP (r = 0.97). Negative correlations (P < 0.05) were found between MU/SG (r = -0.17), SU/ML (r = -0.20) and MU/ML (r = -0.24). Based on results, it is concluded that urea, glucose and lactose would be appropriate variables in the prediction of crude protein and gross energy concentration of diet in lactating ewes.
Diet plays an important role in providing gross energy and crude protein for growth, production and reproduction of animals. Two of the final products of carbohydrates and proteins in ruminants are glucose and urea. Meanwhile, serum glucose (SG) and protein are considered the initial component of milk. Therefore, there should be a relationship among diet, blood and milk compositions.
The values recommended for CP and GE in diet based on physical activities, physiological and reproduction performances in ewes are 2.4 Mcal/kg/DM and 13% to 15% food/DM, respectively (NRC 1984) . Furthermore, the values for SG and serum urea (SU), milk urea (MU) and milk lactose (ML) are1.9-3.1 mmol/l (Radostits et al. 2000) , 3.15-10.4 mmol/l (Ramos et al. 1994 ), 2.5-6.7 mmol/l and 4.8 milk dry matter % (Gfrorer and Koch 1985) , respectively. Factors affecting these indicators include the type of diet (Roseler et al. 1993; Cannas et al. 1998) , protein and the ratio of energy to dietary protein (Bed et al. 1997) , housing systems (Casamassima et al. 2001) , estrus cycle (Knight et al. 1999) , stage of lactation (Flock et al. 2001) , pregnancy and parturition (Pulina et al. 1996) .
Reports show that MU slightly increases when dietary GE is decreased (Cannas et al. 1998) . In one study ML increased when the energy to protein ratio in diet increased (Bed et al. 1997) . Ewes reared outdoor showed low SG and SU concentrations compared to the indoor reared animals (Casamassima et al. 2001) . Bed et al. (1997) reported that ML decreased during the lactation period and Casamassima et al. (2001) mentioned it was high in the middle of lactation. One study reported that evening and morning MU differed in goat milk but not in ewe milk (Bed et al. 1997) and others recorded monthly changes in SU concentration (Miettinen and Huthanen 1989; Tadich et al. 1994) .
Correlations among diet, blood and milk indicators were recorded: SU/MU (Rois et al. 2002 , Roseler et al. 1993 , MU/CP (Cannas et al. 1998 ) and ML/SG (Bed et al. 1997) were positively correlated, while MU negatively correlated with GE (Cannas et al. 1998) . No correlation was observed among MU/ML, MU/SG, CP/ML and GE/ML.
Milk and blood analyses have been used in some studies as an indicator of the dietary GE and CP status in sheep (Bed et al. 1997) . In order to complete those findings, determination of the changes in diet, blood and milk indicators during the lactation period seems to be necessary. Understanding probable correlations among indicators is necessary in order to estimate the CP and GE in diet by measuring the SU and MU in ewes. The aim of this study was to determine the concentrations of SG, SU, ML and MU and calculate their relationships to dietary GE and CP in lactating ewes.
Materials and Methods
Sixteen lactating ewes from 3 to 5 years of age were randomly selected from the Urmia University flock. They were all in healthy condition and nursing a single lamb. The ewes were ear tagged and placed with the others in the flock. They were kept in a closed pen and fed three times per day by alfalfa hay in the morning, concentrate and corn silage at noon and pasture grass in the evening. The selected ewes had had normal lambing, and udder inflammation or mastitis were not observed during the experiment. Lambs of these ewes all survived with the appropriate growth rate. The experiment was carried out from mid winter to spring.
Five ml of blood from v. jugularis was taken from ewes to obtain serum for measuring of serum glucose and serum urea concentrations. Fifty ml of milk were collected from each ewe, 40 ml to evaluate the milk lactose (ML) and 10 ml for milk urea (MU) concentrations. Two hundred grams of feed including 50 grams of alfalfa hay, grass pasture, concentrate and corn silage based on their nutritional program (fed ad libitum) were mixed and selected to estimate the amount of dietary GE and CP. Overall, the ewes were sampled 9 times during the experiment. Time of sampling was between 13:00 and 15:00 h. Blood and feedstuff samples were kept in a cool area and then tested early in the next morning.
Serum glucose and urea concentrations were analyzed by spectrophotometer (Auto-Analyzer, RA-1000, UK) using commercial glucose (Zeist-Chimi, IR) and urea (Pars Azmun, IR) kits. Milk lactose was evaluated by Polarimeter method (B+S, UK). Milk urea was measured by separation of the milk serum and then was run as SU. Crude protein of diet was measured by Kjeldahl method and GE of diet by calculation of the carbohydrate (CHO), moist, CP, ash, ether extract (EE) and crude fibre (CF) according to the following formula: CHO% = 100-(Moist% + CP% + Ash% + EE% + CF%) GE (Cal/100 gm diet) = CP% × 4 + EE% × 9 + CHO% × 4 The SPSS 13 statistical program was used to analyse the data. The case summaries were applied to determine the mean, standard deviation and error of diet, blood and milk indicators. The repeated measure ANOVA (Wilks Lambda) was used to compare the means of indicators in the lactating period (9 times). Pearson correlation was applied to find the relationships between indicators. Regression analysis was carried out to determine the appropriate equations for the GE and CP in diet using blood and milk indicators.
Results
The mean and standard error of the mean (SEM) for dietary GE and CP intakes during 135 days lactation were 2.39 ± 0.13 Mcal/kg/DM and 14.1 ± 1.05%, respectively. The lowest and highest GE (1.74 and 2.77 Mcal/kg/DM) and CP (10.9% and 18%) were observed on days 45, 15 and 75, 30, respectively.
The concentrations of SG and SU during the 135 lactating days are shown in Figs 1 and 2. The mean and SEM for SG and SU were 2.69 ± 0.06 and 16.5 ± 0.5 mmol/l, respectively. The highest and lowest concentrations for SG (3.8 and 1.95 mmol/l) and SU (23.45 and 9.97 mmol/l) were observed on 15, 30 and 75, 15 days of lactation, respectively. SG decreased up to 75 days of lactation and then increased up to 120 days after lactation. SU constantly increased up to 75 days of lactation and then varied up to the end of study. Mean comparison of SG and SU (Wilks Lambda) showed significant differences (P < 0.01) during 135 days of lactation (Table 1) .
The mean and SEM for MU and ML during the study were 13 ± 0.45 mmol/l and 4.8 ± 0.1 milk dry matter %, respectively. Mean MU concentration increased inconstantly from 6.1 to 17.7 mmol/l within 135 days of lactation (Fig. 3 ). Mean ML was high (5.9 milk dry matter %) at the time of study and then inconstantly decreased (4 milk dry matter %) up to 105 days of lactation (Fig. 4) . Wilks Lambda test showed significant differences (P < 0.001) in MU and ML concentrations during the sampling time (Table 1) . Significance of correlation coefficients among diet, serum and milk indicators were found between SU/MU, SU/ CP, MU/ML (P < 0.01), SU/ ML, MU/GE and MU/CP (P < 0.05). The correlations were also found between SG/ SU, SG/ML and ML/GE at the level of P < 0.1 > 0.05 (Table 2 ). According to the Tables 3 and 4 , the regression equations for the prediction of CP and GE in diet using SG and SU, MU and ML with the R 2 for protein and energy intake explain 0. 
Discussion
Gross energy recommended for lactating ewes is 2.4 Mcal/kg/DM (NRC 1984) which supports the findings of this study. The range was from 1.74 to 2.77 Mcal/kg/DM. Dietary GE could be stabled in a hand-operated and closed experiment but this study was an observational one and the values were varied based on the amount of diet available and their proportion and composition, and finally, the rate of grass growth during the 135 days. According to the findings of Roseler et al. (1993) , dietary GE is influenced by days of sampling, dietary proportion and method of nutrient analysis. In this study sampling times were fixed at 13:00 to15:00 h, food was sampled according to its consumption and laboratory analyses were carried out by an advanced auto-analyzer and current laboratory methods. Therefore, the reason for variation in dietary GE could be related to the differences in the quality and quantity of concentrates and corn silage. Dietary GE influences the milk yield and its composition in lactating ewes. High dietary GE increases milk yield and its fat, and decreases milk protein (Bocquier and Caja 1998) . The effects of high and low dietary GE on milk yield and its composition were demonstrated in other study (Agus and Bocquier 1995) but without a conclusion regarding MU and ML.
Mean dietary CP recommended for lactating ewes is 13% (NRC 1984) . In this study, it was 14% and showed enough CP in alfalfa and grass hay that have a high CP content. The role of CP in ruminant life, milk yield and composition is the same as mentioned for dietary GE (Bocquier and Caja 1998) . However, the effect of low CP on growth, production and reproduction is more critical than high CP in diet.
The range for glucose concentration cited by Radostits et al. (2000) was 1.9-3.1 mmol/l and in this study it was 2.69 (1.95-3.8) mmol/l. The 95% confidence interval was 2.58-2.74 mmol/l that was in agreement with values recommended by Radostits et al. (2000) for ewes. The lowest (1.95) and highest (3.8) values in our study were slightly higher than values given by Radostits et al. (2000) but the mean value (2.69) was exactly in the recommended range. This showed that the nutritional program in this herd and for experimental ewes was in normal condition and no dietary deficiency would be expected. Serum glucose participates in the secretion of milk and approximately 85% of milk lactose is synthesized from SG (Bed et al. 1997) . Although the ewes were in the lactating stage, Table 2 . Correlations among diet, serum and milk inditarors during the 135 days of lactation in ewes ** = P < 0.01, * = P < 0.05, † = P < 0. SG was in the recommended range. Variations in SG during the lactation period in our study are the same as recorded for pregnant ewes by Firat and Ozpinar (2002) . Mean SU and MU concentrations in this study were consistent with the results of Ramin et al. (2005) , Gfrorer and Koch (1985) but SU was lower than reported by Zadnik et al. (1993) . Urea resulting from protein catabolism appears in blood and milk content. Concentration of urea in milk of up to 5 mmol/l indicates that ewes have had appropriate CP in their diet. It has been shown that the increase in MU starts from the second month of lactation (Tadich et al. 1994 ), as we also observed. It has been shown that milk urea is affected by dietary GE and CP (Cannas et al. 1998) , starvation (Miettinen and Juvonen 1990) , milk yield (Tadich et al. 1994 ) and evening or morning milk yield (Bed et al. 1997) . The effect of MU on the quality of milk is open to investigation. In terms of economy and hygiene, low urea has more benefits for milk than high urea, but no report has considered the side effects of high urea on milk. Some reports (Bed et al. 1997 ) suggested MU and ML as indicators to determine the SG and SU concentrations and their relationships to dietary GE and CP.
The mean ML concentration for ewes was consistent with other finding (Bed et al. 1997 ). The lowest value was found at 105 days of lactation. Variation in ML is controversial. Milk lactose has been reported to decrease by up to 13% during lactation (Bed et al. 1997) . Some reports mentioned high ML concentration during the first lactation (Wholt et al. 1981) . Other factors influencing ML could be milk yield, milk protein and the ratio of energy to protein, animal species and mastitis (Burriel 1997) . In this study ML declined gradually up to the end of study. The presence of significant differences in blood and milk indicators during the lactation period (Table 2) means that these indicators differed in terms of the sampling times. It means that blood components vary during lactation and are influenced by physiological activities, such as body metabolism, milk yield and dietary intake, digestion and absorption. Variations between these indicators were all within the normal range.
The presence of significant correlations among indicators showed the close relationships among the diet, blood and milk compositions. Of them, urea was more reliable than others, thus it may serve as an indirect indicator of the energy or protein estimation in blood and diet. A few correlations have been reported between SU/MU (Ramin et al. 2005) , SG/SU (Firat and Ozpinar 1996) and ML/SG (Bed et al. 1997 ) as found in this study too. The result for correlation between CP and MU was supported by Cannas et al. (1998) but it was the converse of the result between MU and GE. This discrepancy is probably due to the administration of high CP in diet, low CHO and high rumen microflorea activity as mentioned by Rutter and Manns (1986) . The correlations in this study and other reports may also account for the reliability of ML as well as MU in determination of dietary CP and GE status.
The equations presented here to estimate the dietary GE and CP necessary in the ewes ration using ML, MU, SG and SU with the squared term for CP (0.71) and GE diet (0.42) have not been reported before. Thus, another experiment is necessary to prove the validity of equations in ewes. The absence of SG in the estimation of dietary GE could be related to glycogenesis pathway in the ruminants via free fatty acids and low SG concentration in ruminants is comparable to those in horse and human.
It is concluded that the mean blood and milk indicators measured here were at the recommended concentrations for lactating ewes. The presence of significant differences between the indicators at different sampling times reflects differences in the ewes' dietary ingredients. Significant correlations among the indicators and the presence of regression equations for the estimation of dietary CP and GE in lactating ewes indicates the reliability and importance of urea, glucose and lactose in predicting of CP and GE in diet.
